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Abstract 
Remote sensing (RS) is considered as a 
useful technology to study the 
characteristics of the natural condition of 
the earth's surface, and RS has been being 
applied in disaster risk management of 
landslides in the world. The 3D mapping 
technology with integrated data sources is 
considered as a solution and a powerful tool 
for disaster management in response to 
unusual climate change, particularly with 
heavy precipitation each year. The paper 
presents evaluation studies on advanced 
technologies in mapping to identify 
landslides in the world and the initial 
results for the application of this technology 
in Vietnam. 
 
1. Introduction  
In recent years, remote sensing tools are 
becoming more advanced, mapping 
technology is also advancing and gaining 
basic achievements in science as well as 
specialized fields including research on 
landslide. The concept of landslide 
distribution map remains the basic 
document for identifying and marking 
high-risk sites, allowing for mitigation 
measures to be taken. 
Aerial image interpretation for landslide 
identification has been carried out over the 
past 50 years around the world, with many 
improvements in technology recently. These 
improvements are the result of the 
following problems: (1) The creation of 
three-dimensional coordinates has been 
simplified in the case of using UAV data 
and application software. Therefore, 
anyone can clearly visualize the specific 
details and general conditions of landslide 
blocks. (2) The cost of data collection is 
much cheaper than before. For example, 
with visual images such as those available 
through Google Earth, the entire world can 
be viewed as "in the palm of your hand". 
With the tools SRTM (Shuttle Radar 
Topography Mission) or AW3D (Highest 
Resolution Global Mapping 3D based on 
satellite  images) by 
JAXA/RESTEC/NTTD  Data, DEM 
( Digital Elevation Modeling) under 30m 
will be useful and free with accurate 
polymorphic scale and image. Even when 
the data grid is used at 5 meters or less, 
information can be secured at a very low 
cost. (3) Stakeholders such as citizens and 
regulators, together with engineers and 
consultants, can easily review sites, process 
data and convert it into a map format. By 
this way, the management of sensitive sites 
can be identified. Combining (UAV) drones 
with three-dimensional data processing 
techniques has also experienced major 
developments over recent years, including 
in reducing the cost of implementation. 
Therefore, in areas that are frequently 
affected and damaged by natural landslides, 
stakeholders can work together more 
frequently to take measures to minimize 
damage when natural disasters occur. 
During the modern era, information from 




new possibilities for the application of 
disaster and risk management. The 
following applications will analyze new 
technologies in developing landslide 
identification map with different levels of 
detail and scale. 
 
2. Development the Advanced technology 
in landslide identification map  
2.1. Mapping by using global 3D data 
(AW3D)   
AW3D is the first and most accurate mapping 
3D in the world, covering all ground spaces 
around the globe with 5 meters resolution. 
In metropolitan areas, 3D data with 0.5 
meters resolution can also be provided. 
AW3D is co-developed and sold by NTT 
DATA Corporation and Japan Remote 
Sensing Technology Center (“RESTEC”). 
More than 4,000,000 surface images 
worldwide have been taken. In particular, 
digital three-dimensional coordinate 
information with the 5 meters accuracy is 
very useful for large scale mapping 1/5,000 
to 1/ 25,000 that has been used so far. Dung 
(2016) [1]. Miyagi,(2020) [2]. 
AW3D data is widely used in many fields 
such as mapping in developing countries; 
predict and analyze floods and landslides. 
For identification map construction, having 
high-resolution aerial panoramic images 
nowadays can be considered standard. 
Through the combination of this 
information, a preliminary survey of 
inaccessible areas has also become possible. 
2.2. Mapping of landslide identification 
with aerial laser measurement and 
UAV/SfM Over the past 15 years, the 
development of aerial laser measuring 
devices to collect topographic information 
has been common in this field. Aerial laser 
measurements use a dedicated system 
mounted on a manned aircraft. The position 
and height determined over the time the 
laser beam is reflected off the ground 
surface is used to generate accurate 
three-dimensional coordinate measurement 
data. Information can be gathered not only 
for buildings and vegetation layers, but also 
for underground surfaces. Measurements 
can be made in areas such as under tree 
canopy and in dark areas that are difficult 
to capture by stereoscopic cameras with 
traditional aerial photography. 
Fig. 1 Example of landslide topographic map prepared with AW3D 5m DSM data along National Highway 7 in 
central Vietnam: A, landslide overview; B, B1 are great viewing angle from point P1. B2 is a close-up image of 




The application of laser technology has 
been used very successfully in the study of 
Dozangawa large-scale landslides located 
in the north of Hijiori within the volcanic 
area that once operated in Yamagata 
Prefecture, northeastern Japan. Figure 2A 
shows a large moving landslide observed 
by GPS at the rate of cm/year. The signs 
show it was shifted toward the Dozangawa 
River via a movable landslide body based 
on 3D analysis of laser data. This landslide 
block moves towards north. However, to 
the north near the main slide, it slows 
down at the base of the slide due to water. 
The deformation trend of landslides is to 
the west. Furthermore, the geological map 
of the Japan Geological Survey shows that 
the geological structure of the upper body 
is inclined to the east. Therefore, the 
application of 3D simulation for the 
movement trend model is difficult. 
However, the direction of change can be 
assumed from microscopic features 
restored by laser data. The results showed 
that the moving body was divided into the 
upper, middle and lower sections. The 
Fig. 2 Example of a micro-landslide map to evaluate the travel conditions associated with a major landslide in the 
case of a landslide in Dozangawa, Yamagata Prefecture, Japan A, orthogonal image of the Dozangawa landslide area. 
B, Reducing the main motion direction based on micro-topography analysis using 1m DEM data of Laser data. C, 
Overlap GPS measurement data and B map. (Original data: collected by Tohoku regional forest office, Map of 
Miyagi, 2019) [2]. Figure D is an orthogonal image taken with a UAV at a range of about 0.467 km2 on a main wall 
of a sliding block, with 444 images taken at an average flight altitude of 130 m, ground resolution of 0.048 m / pix 




order of movement is very clear: The lower 
part is the starting point, moves west to 
the river, then the middle part moves in 
the same direction causing stress release 
in the front and releasing in the direction 
of river downstream. The upper part slides 
towards north. This movement is suited 
with the results observed by GPS and 
reinforced with the simulation results. 
 
3. 3D-UAV/SfM mapping in recognizing 
landslide - case study at Lao cai 
One of the tools to quickly identify the 
type of landslide in the survey process is to 
apply unmanned aerial vehicles (UAV) to 
aerial photography, numerical data 
analysis and modeling (Nguyen Kim Thanh 
2017, 2018) [5], [6], [7]. In the framework of 









Reduction - Slope DRR project" UAV/ SfM 
technology is used to collect topographic 
data and identify the landslide range. The 
tracking of the landslide block based on a 
3D model of periodic data collection is used 
for risk analysis, management and disaster 
prevention drills for the local community in 
Lao Cai province. 
Figure 3, is a real-world example of the 
application of the UAV/SfM method to 
capture the landslide in Phin Ngan 
Commune, Bat xat District, Lao Cai 
province. The landslide occured on August 6, 
2020, killing two people living at the foot of 
the landslide. According to the survey, the 
sliding point took place after a long local 
rainfall. In addition, in Phin Ngan 
commune, there are a few landslides that 
have not yet been damaged in human life 
but need to be assessed in terms of scope 
and extent. Figure 4, is a 3D model data 
image describing the sliding block visually 
with detailed topographical features and 






Fig.3 Comparison the analyzing result of landslid  data from UAV and satellite image 
of landslide point in case of Phin Ngan Commune (8/2020). A orthomosaic image with 
an average ground resolution of 5.35cm/pixel annalysed automatic. B is he DSM 
result. And C is c mpared with the ALOS satell te image. We ar  able to mpare the 





Fig. 4 3D map analysis image in Phin Ngan commune, Bat Xat, Lao Cai (8/2020), information about the landslide 
block is collected and assessed, serving the management of disaster prevention at community level. 
Fig. 5 Landslide identification maps in the established area and comparison of different levels (A) Identification 
map with 2m contour line constructed from DSM; (B) Identification map set up from the Hillshade base map; (C) 




The UAV/SfM method has been evaluated 
by the research team as very suitable for 
the survey, monitoring and analysis of 
landslide points (Nguyen Kim Thanh, 
2018). 
In the case of the landslide at Team 2 - Lao 
Vang village - Phin Ngan commune - Bat 
Xat district - Lao Cai province, the 
landslide point occurred on August 20, 2020 
after a long continuous rain in the area. 
 
4. Discussion 
Regarding the development of landslide 
distribution maps, it is very important to 
have digital topographic information and 
overall photographs from above for analysis. 
The digital 3D terrain data (DSM or DEM) 
with different accuracy can be obtained 
through existing data sources or using UAV 
imaging equipment. These costs can be 
done inexpensively, even if it is done by 
independent researchers. 
In Japan, the availability of free and 
low-cost information has been disseminated 
through applications such as Google Earth, 
SRTM, AW3D and World Imagery. Useful 
data for preventing and minimizing 
landslide and slope failure disasters in 
different local areas can be freely accessed 
and used. However, in Vietnam, the above 
information is still limited. Therefore, 
proactively collecting information through 
UAV images is an available and effective 
solution. 
Evaluating and considering the 
applicability of the above technology in 
Vietnamese conditions needs to pay 
attention to the conditions (1) The level of 
constant accuracy is important, useful for 
determining the site for detailed study. (2) 
The most important factual data for 
necessary decision-making are the data 
sources from the field. (3) Participation of 
local people is essential. (4) Types of slope 
Study area 




disaster management maps, scale, tools as 




The identification of landslides through 
the development of landslide distribution 
maps is necessary to identify the landslide 
area, and propose responses and mitigation 
measures. The right scale landslide 
identification map is an important tool for 
disaster management.   
For the construction of these landslide 
distribution maps in addition to 
construction methods using modern 
technologies, simple technology accuracy 
such as low cost 3D-UAV/ SfM is used will 
also bring an unexpected effect on 
identifying areas at risk of landslides. 
These above technologies are suitable for 
the implementation of projects in Vietnam 
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